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Abstract  

Raman spectroscopy is a spectroscopic technique used to examine vibrational, rotational, and 

other low-frequency modes in a system. It relies on inelastic scattering, or Raman scattering, of 

monochromatic light, usually from a laser in the visible, near IR, or near UV range. The laser 

light interacts with molecular vibrations, photons or other excitations in the system, 

consequences in the energy of the laser photons being up or down. The shift in energy gives in 

sequence about the vibrational modes in the system. The probable value of Raman spectroscopy 

in the qualitative and quantitative study of trace amounts of drugs of abuse and other illegal 

substances on different matrics such as cloth, currency notes, fiber etc., without extensive sample 

research in a non-destructive manner. 

Introduction 

Spectroscopy is the study of interaction of electromagnetic radiation with matter. Spectroscopic 

methods can be based on phenomena of emission, absorption, fluorescence or scattering [1]. 

These methods are used for qualitative and quantitative analysis of sample/s. The qualitative 

analysis is performed to establish the identity of sample while quantitative analysis is performed 

to estimate the concentration of analyte in sample [2]. Some of the spectroscopic methods are 

used as a screening method since it gives the tentative identification of sample and are not 

specific in nature while other spectroscopic methods are used as a confirmatory method since 

they give the reliable identity of sample and are specific in nature [3]. 
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Raman spectroscopy is a technique focused in measuring the occurrence shift of inelastic 

scattered light from the sample when the photon from incident light hit a molecule and produces 

a scattered photon [4]. The out coming scattered light can be a photon with a low frequency than 

the original photon known as stokes Raman scattering or with high frequency known as anti-

Stokes Raman scattering [5]. In the photon get energy from the bond of the molecule when the 

bond is firstly in the excited vibrational state [6].Raman is based on measure of the shift in the 

energy of the leaving photon. The change in wavelength of the scattered light depends upon the 

chemical composition of the molecules depends for scattering. The intensity of Raman scattering 

is proportional to the magnitude of the change in the molecular polarization. According to 

Raman selection rule, the change in the molecular polarizability will be the result of the 

displacement of the constituent atoms from the equilibrium positions as the result of the 

molecular vibrations [7].1 

Principle of Raman Spectroscopy  

In Raman spectroscopy, sample is illumine with a mono chromatic laser beam which interacts 

with the molecules of sample and originate a scattered light. The scattered light having a 

frequency dissimilar from that of incident light (inelastic scattering) is used to construct a Raman 

spectrum. Raman spectra arise due to inelastic collision between incident monochromatic 

radiation and molecules of sample. When a monochromatic radiation strikes at sample, it scatters 

in all directions after its interaction with sample molecules. Much of this scattered radiation has a 

frequency which is equal to frequency of incident radiation and constitute Rayleigh scattering.  A 

small fraction of scattered radiation has a frequency dissimilar from frequency of incident 

radiation and constitutes Raman scattering. When the frequency of incident radiation is higher 

than incidence of scattered radiation, Stokes lines appear in Raman spectrum. But when the 

frequency of incident radiation is lower than frequency of scattered radiation, anti-Stokes lines 

appear in Raman spectrum. Scattered radiation is usually measured at right angle to incident 

radiation [8]. Stokes shifted Raman bands involve the transitions from lower to higher energy 

vibrational levels and therefore, Stokes bands are more intense than anti-Stokes bands and hence 

are measured in conventional Raman spectroscopywhile anti-Stokes bands are measured with 

fluorescing samples because fluorescence causes interference with Stokes bands [9] The 

magnitude of Raman shifts does not depend on wavelength of incident radiation.Raman 
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scattering depends on wavelength of incident radiation.1 A change in polarisability during 

molecular vibration is an essential requirement to get Raman spectrum of sample. Since Raman 

scattering due to water is low, water is an ideal solvent for dissolving samples. Glass can be used 

for optical components (mirror, lens, sample cell) in Raman spectrophotometer [10]. 

An Instrumentation: A Spectrophotometer 

Raman spectrophotometers can be dispersive or non-dispersive. Dispersive Raman 

spectrophotometer use prism or grating while non-dispersive Raman spectrophotometer uses an 

interferometer such as Michelson interferometer in Fourier Transform Raman 

spectrophotometer. 

1. Light source- Mercury arc lamp was used as light source in Raman spectrophotometers in 

early days. 435.8 nm line of coiled low-pressure mercury arc lamp was used as light 

source until 1960’s. Laser sources became available in late 1960’s and completely 

replaced the mercury lamp. These laser sources provide stable and intense beam of 

radiation.Short wavelength sources such as argon ion and krypton ion lasers can produce 

significant fluorescence and cause photodecomposition of the sample. However, long 

wavelength sources such as diode or Nd:YAG lasers can be operated at much higher 

power without causing photodecomposition of sample and eliminates or reduces 

fluorescence [1,2]. 
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2. Sample handling- Sample handling for Raman spectroscopy simpler than infrared 

spectroscopy because glass can be used for windows, lenses, and other optical 

components rather than  the more dangerous and atmospherically less stable crystalline 

halides. In addition, the laser source is  focused on a small sample area and the emitted 

radiation efficiently focused on a slit. Consequently, very small samples can be 

investigated. A common sample holder for non-absorbing liquid samples is an ordinary 

glass melting-point capillary. 

 Liquid Samples: A major advantage of sample handling in Raman spectroscopy 

compared with infrared arises because water is a weak Raman scatterer but a 

strong absorber of infrared radiation. Thus, aqu. solutions can be studied by 

Raman spectroscopy but not by IR. This lead is particularly important for 

biological and inorganic systems and in studies dealing with water pollution 

problems. 

 Solid Samples: Raman spectra of solid samples are often acquired by filling a 

small cavity with the sample after it has been ground to a fine powder. Polymers 

can usually be examined directly with no sample pretreatment.  

 

3. Interferometer- Raman spectroscopy uses an interferometer to produce an interferogram, 

which “encodes” the unique frequencies of the Raman scattering into a single signal. The 

signal is measured very quickly (usually in one second), making signal averaging fast and 

accurate. The interferometer employs a beamsplitter optimized for near-infrared 

radiation, which divides the incoming Raman scatter into two optical beams, one 

transmitted and one reflected. The reflected beam travels to and reflects off a flat mirror 

that is fixed in place. The transmitted beam travels to and reflects off a flat mirror 

attached to a mechanism that allows the mirror to move a short distance (typically a few 

millimeters) away from the beamsplitter. The two beams recombine at the beamsplitter 

where, because they traveled different distances to and from the mirrors, they 

constructively and destructively interfere with each other. The moving mirror has a 

constant frequency and fixed motion, so this interference is modulated. The resulting 

interferogram has the unique property that every data point (a function of the moving 
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mirror position) has knowledge about every frequency of the Raman scatter collected 

from the sample. 

 

Applications of Raman Spectroscopy 

I. Biological and drugs: RS has a wide variety of applications in biology and medicine. It 

has helped confirm the existence of low-frequency phonon in proteins and DNA, 

promoting studies of low-frequency collective motion in proteins and DNA and their 

biological functions. Raman spectroscopy has also been used as a noninvasive technique 

for present-time, in situ bio-chemical characterization of injuries. Multivariate analysis of 

Raman spectra has enabled development of a quantitative measure for injury healing 

progress. 

II. Detection of explosives and gunshot residues: Raman data can be obtained from almost 

any surface, allowing minute traces of explosives or a firearm’s discharge to be detected 

without attempting to lift samples from evidence. Very small discharge residues (1 

micrometer in diameter) may be assessed in the laboratory. 

III. Fraudulent documents: Documents may contain added terms and conditions after the date 

of signing, overlapping text, or multiple signatures that must be analyzed.Raman 

spectroscopy is highly sensitive to minute chemical differences between inks. Images are 

generated in minutes, making this technique one of the fastest to characterize ink 

chemical structure. Furthermore, Raman imaging is significantly better at determining the 

order of ink deposition than competing methods. 
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IV. Illict drugs: Traditional methods used to identify narcotics and other illicit substances use 

IR spectroscopy or a gas chromatography-mass spectrometer. These approaches are 

destructive, requiring samples to be extensively pre-processed, and take a long time.  In 

comparison, Raman spectroscopy represents a rapid and nondestructive method of 

identifying organic chemical compounds.The Raman method is effective in analysis of 

tablets, powders, and liquids. Importantly, Raman data are not strongly affected by the 

proximity of plastics or glass, meaning that substances can be analyzed in their original 

packaging. This maintainsevidence integrity and prevents sample contamination. 

V. Analysis of blood: Raman techniques to identify whether a substance is blood and even 

attempt to age the blood sample. Raman spectroscopy was able to identify the presence of 

blood, with peaks characteristic of blood components, particularly hemoglobin, being 

frequently detected.Raman spectroscopy to determine the age of blood in a rudimentary 

fashion, based on differences in scattering peaks between fresh and dried blood samples. 

VI. Trace evidences: Raman spectroscopy is useful in analyzing trace evidence such as paint 

chips and textile fibers. Dyes and pigments may also be analyzed using resonance raman 

spectroscopy which yields on the order of a millionfold increase in signal if the correct 

lasers are used.  

Conclusion  

Raman spectroscopy has established itself as a reliable and non-destructive technique for the 

qualitative and quantitative analysis of a variety of drugs abuse and illicit substances. Technique 

is capable of analyzing solid and liquid samples quite rapidly and without removing from 

packaging and thereby maintaining the integrity of forensic samples. The  resonance of spectra 

caused by the easy identification of species contained in complex mixtures. However, low 

sensitivity due to weak Raman signals and strong fluorescence due to impurities or colored 

packaging material can be very well addressed by combing two developments of the technique 

namely resonance Raman and surface enhanced Raman spectroscopy. 
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